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To what extent has endovascular aneurysm repair
influenced abdominal aortic aneurysm
management in the state of Illinois?
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Rodríguez, MD, RVT, and Peter G. Kalman, MD, Maywood, Ill
Purpose: This study was performed using population-based data to determine the changing trends in the techniques for
abdominal aortic aneurysm (AAA) repair in the state of Illinois during the past 9 years and to examine the extent to which
endovascular aneurysm repair (EVAR) has influenced overall AAA management.
Methods: All records of patients who underwent AAA repair (1995 to 2003 inclusive) were retrieved from the Illinois
Hospital Association COMPdata database. The outcome as determined by in-hospital mortality was analyzed according
to intervention type (open vs EVAR) and indication (elective repair vs ruptured AAA). Data were stratified by age, gender,
and hospital type (university vs community setting) and then analyzed using both univariate (2, t tests) and multivariate
(stepwise logistic regression) techniques.
Results: Between 1995 and 2003, 14,517 patients underwent AAA repair (85% for elective and 15% for ruptured
AAA). The average age was 71.4 7.9 years, and 76% were men. For elective cases, open repair was performed in 86%
and EVAR in 14%; and for ruptured cases, open repair in 97% and EVAR in 3%. Elective EVAR was associated with
lower in-hospital mortality compared with open repair regardless of age. No differences were observed with age after
either type of repair for a ruptured aneurysm. Men had a lower in-hospital mortality compared with women for open
repair of both elective and ruptured aneurysms. For EVAR, the mortality of an elective repair was lower in men, but
there was no difference after a ruptured AAA. In men, the difference in mortality between elective open repair and
EVAR was significant; the type of institution did not influence outcome. Patients >80 years of age had a higher
mortality after open repair for both elective and ruptured AAA and after EVAR of a ruptured AAA. The average
length of stay was 9.9 days for open elective repair, 13.1 days after open repair of a ruptured AAA, and 3.6 days for
EVAR. The independent predictors of higher in-hospital mortality were female gender, age >80 years, diagnosis
(ruptured vs open), and procedure (open vs EVAR). The year of the procedure and type of hospital (university vs
community) were not predictive of outcome.
Conclusions: EVAR has had a significant impact on AAA management in Illinois over a relatively short time period. In this
population-based review, EVAR was associated with a significantly decreased in-hospital mortality and length of stay.
Octogenarians had higher mortality after both types of repair, with the exception of elective EVAR. (J Vasc Surg 2005;
41:568-74.)The volume of elective repairs for abdominal aortic
aneurysms (AAAs) has been increasing worldwide during
the past few decades.1-4 Open AAA repair is the gold
standard for durable repair; however, management has
changed with the introduction of minimally invasive endo-
vascular aneurysm repair (EVAR) techniques. EVAR has
been associated with less morbidity, procedure time, and
intraoperative blood loss; shorter length of stay (LOS), and
is generally preferred by patients.5-7 As a result, EVAR has
gained wide acceptance, but the magnitude of this change
is largely unknown.
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568Few population-based studies address the prevalence of
AAA and its management in the United States.8-10 This
study was performed using population-based data to deter-
mine the changing trends observed in the techniques of
AAA repair in the state of Illinois during the past 9 years,
and to examine the extent to which EVAR has influenced
overall AAA management. The data were also analyzed to
determine the factors that were associated with in-hospital
mortality in a well-defined geographic population.
MATERIALS AND METHODS
Data from all in-patient discharges in Illinois who un-
derwent an infrarenal AAA repair from January 1, 1995, to
December 31, 2003, were obtained from the Illinois Hos-
pital Association COMPdata database. The Illinois Hospi-
tal Association comprises 200 hospitals and health sys-
tems within the state and uses COMPdata as a source of
clinical information for healthcare scrutiny and future re-
source planning. Reporting by all institutions was manda-
tory until 2003. Data were available from all Illinois De-
partment of Public Health-accredited hospitals, but
Veteran Affairs hospitals are not included.
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(age, gender), admission type (elective, emergent), diag-
nostic and International Classification of Diseases (ICD-9)
procedure codes, hospital LOS, and in-hospital mortality.
The in-hospital mortality was defined as death that oc-
curred until the moment of discharge. This is usually peri-
operative but from the database, the precise date of death
after the repair was not known. The study protocol was
approved by the institutional review board of our institu-
tion.
Data were filtered by diagnosis (ICD-9 codes 441.3 for
ruptured AAA and 441.4 for elective AAA) and procedure
(ICD-9 Hospital Procedure Codes 38.44 for open AAA
repair and 39.71 for EVAR). The EVAR procedure code
(39.71) was only introduced in October 2000; therefore
Fig 1. Total abdominal aortic aneurysm interventions per-
formed.
Fig 2. Total abdominal aortic aneurysm interventions per-
formed, stratified by procedure type. EVAR, endovascular aneu-
rysm repair.EVAR data are available from this point on.Data were analyzed with Statistical Package for the
Social Sciences (SPSS) software version 10.0 (SPSS Inc,
Chicago, Ill). Patient demographics and characteristics
were analyzed with descriptive statistics. The relationship
among six variables—year of procedure, gender, age, hos-
pital type, diagnosis (elective vs ruptured) and procedure
type—and in-hospital mortality was analyzed with both
univariate (2 for discrete and the t test for continuous
variables) and multivariate statistical techniques. Stepwise
logistic regression was used for multivariate analysis of the
factors that were independently predictive of in-hospital
mortality.
RESULTS
Data from 234 hospitals were obtained from the Illi-
nois Hospital Association COMPdata database. Seven were
university hospitals with a direct affiliation with a university.
The attendings had a university appointment to the respec-
tive medical school. The remainder of the institutions were
considered community hospitals and included affiliated
hospitals where surgical residents occasionally rotate.
From 1995 to 2003 inclusive, 14,517 AAA repairs were
performed, which are summarized in Fig 1. There were
10,986 men (75.7%) with a mean age of 71.4 7.98 years
and 3,531 women (24.3%) with a mean age of 73.2 7.95
years. Seventeen percent of the patients were 80 years
old. An elective AAA repair was performed in 2,399 pa-
tients (85.4%) and a ruptured AAA was repaired in 2,118
(14.6%). With the exception of 1997 and 2003, the overall
number of repairs performed annually was relatively con-
stant (Fig. 1).
Open repair was performed in 12,783 patients (88.1%)
and EVAR in 1,734 (11.9%). The code for EVAR was
introduced late in the year 2000. That year, EVAR cases
were 5.8% of the total, which is clearly an underestimation.
The proportion of EVAR cases increased significantly from
years 2001 to 2002 (28.2% in 2001 and 32.2% in 2002; P
 .01) but did not change significantly in 2003 compared
with the preceding year (P  .4) (Fig 2).
In patients 80 years of age, the proportion of cases
performed by EVAR was relatively constant, with 105 cases
(36.2%) in 2001, 127 (37.1%) in 2002, and 111 (33.3%) in
2003 (P .34). EVAR was performed in 13.5% of elective
AAA repairs and in 2.6% of patients with a ruptured AAA (P
 .0001). As anticipated, the proportion of EVAR/total
repairs in women was significantly less than in men (8.8% vs
13%; P  .0001).
Twenty-three percent of patients with AAAs were man-
aged at a university center, and 77% were treated in a
community hospital setting. The type of institution did not
affect the in-hospital mortality for open repair or EVAR, or
whether performed for ruptured or elective AAA (P  .1)
(Table I).
Open repair of an elective AAA was associated with
significantly higher in-hospital mortality than EVAR re-
gardless of age (P .0003). However, no differences were
seen after open and EVAR of ruptured AAAs in the same
age groups (P .08). Elective EVAR inmen was associated
Community 5.9 8,184
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not the case in women (P  .07). EVAR of ruptured
aneurysms was associated with lower mortality in both
genders (P  .014).
The in-hospital mortality rate was significantly higher
in octogenarians after open repair of both ruptured and
elective AAAs (P  .03), but no differences were observed
after EVAR (P .08). Female gender was associated with a
higher mortality after open repair for both ruptured and
elective AAAs (P  .001) and after EVAR of an elective
AAA in women compared with men (P  .001).
By use of multivariate analysis, the independent predic-
tors of higher in-hospital mortality were female gender, age
80 years, diagnosis (ruptured vs open), procedure (open
vs EVAR), but not year of procedure or hospital type
(university vs community) (Table II).
The average LOS for EVAR was significantly shorter
compared with open repair for both elective and ruptured
AAAs (P  .0001). The LOS was greater in women, for
patients treated in community hospitals, and for patients
80 years of age (Table III).
DISCUSSION
First described by Parodi in 1991,11 EVAR has
emerged as a minimally invasive alternative to open repair.
The best available evidence about EVAR comes from sev-
eral prospective, nonrandomized, controlled trials.12-15
They uniformly demonstrated decreased intraoperative
transfusion requirements, procedure time, and periopera-
tive morbidity, as well as shorter LOS associated with
EVAR. Interestingly, no statistically significant differences
in perioperative mortality were observed.
The results of these phase II trials led to the approval by
the United States Food and Drug Administration of four
endograft systems for commercial use. Although EVAR
remains questionable because of concerns regarding dura-
bility, the need for life-long follow-up, and the high inci-
dence of secondary procedures, the technique has gained
popularity among physicians and patients.
Evidence-based results from ongoing randomized trials







Open repair ruptured AAA
University 37.4 222 .13
Community 43.0 1,841
EVAR elective AAA
University 1.6 504 .25
Community 2.6 1,175
EVAR ruptured AAA
University 16.7 12 .20
Community 41.9 43
EVAR, Endovascular abdominal aortic aneurysm repair; AAA, abdominal







Elective AAA 5.5 12,399 .0001
Ruptured AAA 42.2 2,118
Open repair
Elective AAA 6.0 10,720 .0001
Ruptured AAA 42.4 2,063
EVAR
Elective AAA 2.3 1,679 .0001
Ruptured AAA 36.4 55
Age
Open repair elective AAA
80 5.3 9,116 .0001
80 9.9 1,604
Open repair ruptured AAA
80 37.8 1,567 .0001
80 56.9 496
EVAR elective AAA
80 2 1,328 .08
80 3.7 351
EVAR ruptured AAA
80 28.9 45 .03
80 70.0 10
Patients 80 years old
Open repair elective AAA 5.3 9116 .0001
EVAR elective AAA 2.0 1328
Patients 80 years old
Open repair elective AAA 9.9 1604 .0003
EVAR elective AAA 3.7 351
Patients 80 years old
Open repair ruptured AAA 37.8 1567 .29
EVAR ruptured AAA 28.9 45
Patients 80 years old
Open repair ruptured AAA 56.9 496 .08
EVAR ruptured AAA 70.0 10
Gender
Open repair elective AAA
Male 5.2 7,974 .0001
Female 8.2 2,746
Open repair ruptured AAA
Male 39.6 1,587 .0001
Female 51.5 476
EVAR elective AAA
Male 1.7 1,384 .001
Female 5.1 295
EVAR ruptured AAA
Male 43.9 41 .058
Female 14.3 14
Male
Open repair elective AAA 5.2 7974 .0001
EVAR elective AAA 1.7 1384
Female
Open repair elective AAA 8.2 2746 .0739
EVAR elective AAA 5.1 295
Male
Open repair ruptured AAA 39.6 1587 .0001
EVAR ruptured AAA 43.9 41
Female
Open repair ruptured AAA 51.5 476 .0135
EVAR ruptured AAA 14.3 14
Institution
Open repair elective AAA
University 6.3 2,536 .50Repair (OVER), EndoVascular AneurysmRepair (EVAR) I
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these (ACE) and the Dutch Randomized Endovascular
Aneurysm Management (DREAM) study are becoming
available.16-18 Lee et al19 reported the retrospective analysis
of the 2001 National Inpatient Sample database that con-
tains data from 986 hospital discharges in 33 states. Ap-
proximately one third of elective AAA repairs were per-
formed by EVAR.
From the present study we have learned that the annual
incidence of ruptured and elective AAA repairs has re-
mained relatively constant in Illinois from 1995 to 2003,
with the exception of an unexplained decrease in 1997 and
an increase in 2003. The recently observed increase in the
number of treated AAAs is attributed to an increase in both
EVAR and open repair.
Although commercially available endograft systems be-
came available in September 1999, the ICD-9 hospital
code for EVAR was only introduced in October 20009;
therefore, EVAR cases performed prior to that date cannot
be identified in the Illinois database, and the total number
are underestimated in 2000. Before 2000, this would have
represented only a small proportion of the repairs per-
formed statewide.
A recent report by Anderson et al9 observed an annual
increase in the overall number of AAAs treated in the state
of New York coincident with the introduction of EVAR. In
Table II. Independent predictors of in-hospital mortality
(stepwise logistic regression)
Variable Coefficient Odds ratio P
Diagnosis 24.542 4.55E10 .0001
Procedure 0.538 1.712 .0001
Gender 0.444 1.559 .0001
Age 80 years 0.684 0.505 .0001
Table III. Length of stay
Procedure






9.9  8.9 10,720 .0001
EVAR elective AAA 3.6  4.7 1,679
Open repair
ruptured AAA
13.1  13.8 2,063 .463
EVAR ruptured
AAA
11.7  11.1 55
Age
80 9.5  9.7 12,056 .0001
80 10.2  10.0 2,461
Gender
Female 10.6  10.1 3,531 .0001
Male 9.3  9.6 10,986
Institution
University 9.1  10.6 3,274 .0001
Community 9.8  9.5 11,243
EVAR, Endovascular abdominal aortic aneurysm repair; AAA, abdominal
aortic aneurysm.addition, they also observed an increase in the volume ofEVAR repairs in the elderly. The magnitude of the increase
in EVAR has not been as rapid and as steep in Illinois as it
was in New York, where 40% of repairs were done by EVAR
1 year after the introduction of the ICD-9 code. Although
EVAR in Illinois in 2003 had increased compared with
previous years, it accounted for only 32% of aneurysm
repairs.
We can only speculate about the reason for these re-
gional differences, which might be explained by differences
in threshold diameter for patient selection or perhaps by
more aggressive management of octogenarians or other
high-risk patients. The early steep increase in EVAR cases in
the elderly population in Illinois parallels the initial original
indication for EVAR when it was restricted to older, high-
risk patients. More recently, the indications for EVAR have
liberalized as expertise and technology have evolved and
patients have been expressing personal preferences.
Given its minimally invasive nature, EVAR has been
expected to achieve lower perioperative mortality rates than
open repair. This trend has been observed, but no statisti-
cally significant differences have been documented. Several
studies, including meta-analyses6,20 and phase II tri-
als,13,21-23 have not observed a significant difference in
mortality between EVAR and open AAA repair. Adriaensen
et al6 designed a meta-analysis based on observational
studies and found a significantly lower 30-day mortality
rate with EVAR. However, the large 95% confidence inter-
vals associated with open AAA repair make their conclu-
sions more difficult to interpret. Maher et al20 performed a
meta-analysis that assigned a level of evidence to each
retrieved article. Articles chosen because of their best
level of evidence showed no major differences in mortality
rates of EVAR and open surgery. Nevertheless, most
population-based studies are now showing significant dif-
ferences in favor of EVAR, and our results are in agreement.
Significantly lower in-hospital mortality was seen after
EVAR compared with open repair. Recent results reported
from the EVAR-I and DREAM trials have revealed a sig-
nificant early survival advantage.16,18 EVAR-I was a ran-
domized, controlled trial that examined the early results of
1082 elective AAA repairs between 1999 and 2003 in 41
British hospitals. EVAR was associated with a significantly
lower 30-day and in-hospital mortality rate.16 The ob-
served difference was significant using both crude data and
after adjustment for age, sex, forced expiratory volume in 1
second, AAA diameter, serum creatinine level, statin use,
and time from randomization to surgery.16
We also had the opportunity to analyze the differences
between open repair and EVAR after stratification for gen-
der. Significantly better outcomes were shown after elective
EVAR in men compared with open repair, but not in
women. For ruptured aneurysms, EVAR had significantly
lower in-hospital mortality compared with open for both
men and women.
The DREAM trial revealed a clear advantage of EVAR
over open AAA repair. The risk ratio for operative mortality
was 3.9 for open vs EVAR repair, although this difference
did not reach significant significance (P  .1).18
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tors of higher in-hospital mortality were female gender, age
80 years, diagnosis (ruptured vs open), and procedure
(open vs EVAR). The year of the procedure and type of
hospital (university vs community) were not predictive
(Table 2). Octogenarians have been shown to have the
highest mortality after open repair of both ruptured and
elective AAAs; however, this can been minimized through
careful patient selection.24-26
Recent reports have also documented the early success
of endovascular treatment of ruptured AAAs and in octe-
genarians,27-31 but further experience is essential to con-
firm these results. In the Illinois study, we did not observe
a significant difference between open repair and EVAR
after rupture, although this was likely due to the small
sample size that underwent EVAR (type II error).
In Illinois, age 80 years was predictive of higher
in-hospital mortality for all subgroups (elective open, rup-
tured open, ruptured EVAR) but not for elective EVAR.
Women in our study had a higher in-hospital mortality rate
regardless of procedure type or diagnosis. Katz et al32,33
reported that women had a worse outcome after repair of
both intact and ruptured AAAs. EVAR was performed
more frequently in men, and this difference might be
related to more challenging anatomy in women that ex-
cludes them from EVAR. However, the potential for gen-
der bias in case selection might exist, as has already been
reported.34
As an emerging technique, EVAR was initially intro-
duced in the university hospital environment for evalua-
tion. This has changed dramatically, and in Illinois 77% of
EVAR cases are performed in community hospitals. Zarins
et al35 analyzed all attempted EVAR from 1999 to 2001
with the AneuRx stent graft in 23 community hospitals on
an intent-to-treat basis and compared them with concur-
rent results in university hospitals and with results from the
AneuRx clinical trial. These authors observed that the
experience in the community hospital was not statistically
different than that in a university setting. Advances in
technology, continuing medical education, and more lib-
eral indications for EVAR are the cited reasons for this
dramatic shift. The in-hospital mortality for both open
repair and EVAR in Illinois is consistent with these obser-
vations.16,19,36 There was no difference when data were
stratified for institution type, although differences in pa-
tient selection cannot be determined from this data and
whether or not more complex patients are referred to
tertiary care university centers.
The correlation between operative mortality and sur-
geon and hospital case volumes for open repair is well
documented37-40; however, the impact of the type of hos-
pital where the AAA repair has been performed appeared to
be less important. The Illinois COMPdata database is un-
able to discriminate among the different specialists that
performEVAR in the state. The difference in early outcome
with respect to training and background of the interven-
tionalist remain interesting questions for the future.EVARwas associated with a significantly lower LOS for
both ruptured AAAs and elective repairs, which have con-
sistently been reported in other studies,19,23,41,42 and the
average LOS for elective open AAA repair (9.9 days) and
EVAR (3.6 days) in the Illinois study is consistent with the
others.42,43 We are becoming increasingly accountable for
efficient management of hospital resources, and as provid-
ers, we will be responsible for line management. Knowl-
edge of significant preoperative predictive factors will assist
in flagging patients at risk for prolonged hospital LOS prior
to admission. Women in Illinois had significantly greater
LOS than men for both open repair and EVAR. For open
repair, this has been reported previously.44 In addition,
spousal absence is an important predictor of prolonged
LOS because of the tendency for patients without a spouse
not to have adequate care at home as well as reluctance for
discharge to the home environment. These factors can be
used to identify patients before the repair to more effi-
ciently plan hospital discharge. Illinois patients 80 years
had a prolonged LOS after both EVAR and open AAA
repair, which has been reported previously.41,44,45
Limitations of the study. The main limitation of the
current study resides on its foundation. Our data accuracy
depends on the precision of the coding, which is based on a
database constructed by clerical personnel that may contain
coding errors because of subjective lay interpretation.
Fisher et al46 demonstrated a 22% error rate when working
with healthcare databases. Other investigators have tried to
validate their inclusion criteria methods at their own insti-
tutions,10,47 but the final assessment of data quality is
invariably subjective.
Second, the code for EVAR was introduced during
2000; therefore, the earlier years did not reflect this in the
data, and we know that the first EVAR in the state occurred
in 1997.
Third, the procedure-relatedmortality is by convention
defined as occurring 30 days of surgical repair. Our
mortality determination in the present study was defined as
that occurring in-hospital prior to discharge, since we
didn’t have access to the post-discharge 30-day informa-
tion.
Finally, the Illinois Hospital Association COMPdata
database does not contain data regarding comorbidities
and so these critical predictors of mortality could not be
evaluated.
CONCLUSIONS
EVAR has had a significant impact on AAA manage-
ment in Illinois. The number of EVAR cases continues to
increase each year, but the rate of increase is not as dramatic
as has been reported in other states. Nevertheless, EVAR is
associated with significantly decreased LOS and lower in-
hospital mortality. The independent predictors of higher
in-hospital mortality were female gender, age 80 years,
diagnosis (ruptured vs open), and procedure (open vs
EVAR). The year of the procedure and type of hospital
(university vs community) were not predictive. Prospective
JOURNAL OF VASCULAR SURGERY
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trends.
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